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ANTRONUCTLON : | ..

tecent problems with vndenirable feaming of 0«1 fuel ot
several miskile hases heve revaoled ¢ need for o roupid and
timpleg test tn meacure the foam foreation characteristics
9f1tﬁu fuel,’ After toking into conkideraticn the limited
fucilities end laber.tory trained versonnel available ot DY
wned "R" Series bases, the Propellint Utilizition Group (P/U
Group), Depnrtment $535-3, recuested o <tudy be made to leter-
mine if a simple but cccuvrate shoke test could he Jdeveioped,
N procedure was developed, followed by o revision, for testing
the faam fopmation of I'P=1 fuel by shakine o fuel sonaple in
container. ' The arigingl procedure utiliced an "unouided”
shaking techniquu {ML=5€5-letle242) while the revistun ntilized
¢ "guided" mhaking techninuzs (ML-567%-1<62=44]},

To devuelop und eveluate an EP=1l fuel chahe test procelure (and
apy revisions) with regpect to the followine parawmerers:

o It should corrslave to the ¥/U Group's satinfactior aith
the results of ti,e Materials Teat Laboratory Nitropnen
Niffusion Test (ML=163=1-6L12=90),

e it should have e repeatability, vange limit of + 208%,

Je it shuuld be simple {n gcope suca Lhat v englacer or
teclhnician vith no praevicus expervience could lecrn to
satisfuctarily perform the test within o short period
of time,

1, It should use test cauipment which cuan be casily pro-
curred or pregently available at each DY ang "ev
Series site.
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T¢ ia canc inded tiiat, 01 the present time, the retiahle
measurcaent of fooua fermation chavacteristics of Li'=l ftuel
b, mduaia, foen through shaking o sarple in o contafaer, |
doaantt eatiafnctorid; veet all purameters investigzoated, as
doetailed belau,

A rough coryelation with the Materiale Test Laburatory Nitrogen
Piffusiop Test ig possible, hosever, the 0,949 prababilit; limits
Caith 0% confidance) pre extredely high fo many rumples (Figure
2ot Toble 1L1).

Tho repeatability renge (based un 0,9%2 probability with 9O% I
confidence) exceaded the waximum limits by o significant degree !

(Figure ¢ shd Table 111). Taken alone the ushake test doesu't
ttppear to be adequite ns o busls for establishing on acceptance
level of fopm tormution for RP-l fuel at the prerent time,

The origienal prozedure und its 1e0vieion arve relatively simple to
pecform tithout previouse experdence, The revised (or guided)

phalce test pupeored to be the enniest for operantors vith no exe
periences to learn I n short pectod of iwme, ' ‘

The equipaent roguived for both procedures ia simpls, inexpensive
ind ecastly procurced, with one exception, frow mozt lahoratery ¢
equipsent distribetora, (Pefer so Miucussior of Reaufts for
vetails.)

LECOMMINDAT I ONS:

Although tive use of the zhake testl procedures aloue ay nov be
feasilile, It cnpusrs likel, that tho test muy have some value as
b oguide. The shake tests could Se waed to <deteraine the geoneragl
foum fuirntion lavel of RP-i fuel at the =ites. The definitely
tow - foamin vd high = fouring fuels determined by Yimite
Bet Ly (ae PAU Cromg, could be 1dentified without further testing.
Those fuela within » micwvinal arcea could then be sent to o lobor-
ntoxy fazility for testing by the Materianle Test Laborituery
Nitrogen Ditfusion Teet, The ghage tertu would aiso have vilue
tn 6 "imple mepns of wenitoring the foum formetion level, to
detect ony endilen .nd unexpected lorge changes in the fuel, i.e.,
funtroduction of foam produecipng contomination, '
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SPECIIDMS: | : ‘. |
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The waterial tested cmefcted of 70 avoilable samples of RP-1

/ fuel, ua received from 6 miksile boses inciuvding Fdvards liocket

Site, Fairehild AFR, Forbes AU, Offutt \FB, Vendenhorg AFd and 1
Larren avY,

-

CROC LU
Ao itabllsbaent of an initial shahe tegt proce luie
1, The Muterials Teet [diovatory Nitrogen DEifrfusion Tent
(L0033 1=62-0) wak used as o gulde to Login thig stud;.
Thé spwe volirge (260 ml.) of EDP-1 faed, the sawme Lewperas
[ wuee (7o oe loF), and tite same technique of meusuring

Lrridge retentior were used initizlly., A preliminar
shaking rate was estublisihied «hich produced o voluwe of
foam equal to or greater than that produced Ly the Nitro-
gen Diffusion Test,

0y

2, Fach nf these putameters wag taken one atl a time, helding

. the remadniag paramsetcers constunt, and ilnvestigatead to
obtain the moust c¢onntntcut results, The volune of the
fuel vomples wae varted fram 170-350 11, Glesa and roly -
eibiiene cantainers of sceiected nized and crgfl'hrntions
were tested., Tests waore conducted at 19 - LF. The
2l shiby rate san increased and drcreased, Hoelding the
<haking rote congtant, o)  the lengthy of tiwe for <hoking
wit veried €ron 2 to 30 aeconds and b)Y the shakine force
vag increased und decreased, Messurements of surface re-
teertlon (time interval frem termination of shaking until
the furl surfice is no lonyer ‘completels covercd by bubbles)
and dength o time for complete Mrsaipation of Hubbles were
Made.  The pusber of foom formation messuremente 1 aquired
for cocle sanple was =0ty 4 katisnfac tory container caeoaning
procodure vas developed and tacluded an the test crocodures

D, Devalopaent of the shake test procedure

L. Vrelimnary tent rerults wete gathereo using twy technicians .l
: and 18 different fuela. Tue test procedure ac uhis point
wag rthen cimducted by seven iaborator) personnel whe hod
- had nn previous contact with the testing personnel and olso
ong ehgincar with no labouretory expervience. OCbeervations
vere made as to pointdg in the procedure which were unclear
or cunlly miscunderstood,




The procedurs at this stuge (ML-563-1-64~242, "Unguided"
Shuke Tast) wes sent 20 - Warrern AFP site us au experie
reptal test in the fiaeld. The results of five on-site
opvrators acry reported bacw bLy L, McXee, GD/Astronautics
anlity Comtrol, shortly thereafter (Toble )).

During o reloted fuel tewnt atudy ot Veandeaberg aFR, OSTE

1, cos 35 sumples rere tented by one operitor using the |
Materials Test bLaboratery Nitrogep Diftusion Test and tue
unguided shake test procedure, Additional data was
collectad frem 3 oneslte porsonnel who also conducted the
shnke test using selected samples (Ta2ble 1).

4
3. The fucilities available at each «ite for use in testing 4
P-1 fual by the <hake test procodure vwere stvdiced. Dia-
cupsiong with the Nrogellont Loading and Propellont Vtil-
tention Groupk, and w study of <ite facility echematics :
were made,

3. Tou more closely contrsl the shake test wnd to enable
personnal to more quickly learn avd perform the test, a
revisnion was wade, This consisted, in the main, of con-

rolling the puide path of the container with the aid of
a container clamp and a guide rod (ML.-567-1-G1=59, Figurel),

C. 3valuation ol the shake tast procedure

1. 3\ comparison of the "Unpuided" sShake Test Procedure
(ML=3H5eL={ |«12) and the "Guided' Shake Test Procedure
(M)L-363=1=6l=d%) was wade, neing the Materials Test Labe-
orostory Nitropgen bBiffusion Tezt as the reference value,
The comnorison was made end the repeatability limits were
determined Ly the foltowiny ternt

£ Yive opmrutors determined the Bridge Reteotion time 3
with o fresh sample of tur wmome fuel by hoth shoke
test procedures, This seguence wog repeuted three
additiona) times, using three nther fuela. This
geries wap carried out to compure the resuvlts of the
MTI. Nitrogen Muffusion test and both sbake teet proe
cedures s weil as to deteriipe the reproducibility
of the tewis




RESULTS:

1.

3.

4,

278 1546

be One operator letermined the Bridge FRetention time
for five (95) additionnl fuels by hoth shake tests
to provide mere complete coverage fur correlation
pursnses.

¢e One vperator determined the Bridge Netention time
three sepurate times by tie guided shube test, uvsing
fresh sanpler of the sume fuels Thir sejuence wasm
repeated with two additional tuels, Thic series wus

carried out to determine repeatability of the procedure.

d In all geries, a reference Pridge Retention time waly

letermfined for euch fuel Ly the Materiale Test Labora-
tory Nitrogen Niffusion test., Cne value for e¢ach fuel

aample wap determined as per Mi-560«1<62290,

The unguided shake tegt procedure (MLe3G3-lefla24)
containg the paramcters shich werce doveloped initially,
fee. temperature, shaliing rate and time, container used,

e,

The results of on=aite aud off-site toesiing ave shoan in
Tabie 1.

Al D" wnd "E' sceries sites concerned at present have a
utilily building, hot und cold ruaning voter cndl a sink
for use us o water bieth, Where ice 1en't avaslabie to
help control the L.th tewperaturce, adequate frust ¢an be
obte ined from lugyere which fors on the LOX linee,

Figure 1 is a summary of 11l test datao rrelating the
Shuke Test procedures and the Materials Test Laborotary
Nitrogen Diffusion teat. Thie graph inclndes the datg,
from ML=i6lele6l-242 (Uuguided Shake Test ocedure),
from 37 fuel sumples $uken at OSTF #1 during » fuel con-
taumination test study and from ML-5'3-1«6led) (Guided
Shike Test Procedure),




Table [ containg the tceot results for (a) fuel:s tested
with both alicke procedires by five operetors wnd (b)
fuels tested three times by une operator with the guided
shike temt proczdure. '

Tuble 11 contuins tent resalts snd colenlated probability
limite fur tha seven (7)) fuels tested in Table 12, All
bridge retention meprnranents for cach fuel, guided and
unguided, ure recorded togetier duv order to colealate the
prebubility linits,

Figure o shows the velaticnship tetween the shake test
vieluer ond the probubility limits for the seven (7) tuels
tetted. ’

/
Figure 3 shovs the rorreintion bhelusen the gulderd shake
test and the MTL Nitrogen Diffusion Teat with probability
liirity shown,

BISCUGS [UN GF REEULTS:

Cne piece of equigment (Lhe containe: cuide ¢lowp), snach conaista
of four (4) smdl parte, would huve to "¢ asscenbled by GD/Aatrone-
mtics 0 offes3te peraocane) Tor the revieed (guided) shane teot
procedure (MLeG390«Ll=6led4y), Facllily itenms such as present ond
peading eaepliing points, present hot aud cold vater soutces, ond
an) decp «lnk cup be utilized os proper coguipment.

A ealisfuctory WP«) fuel uwaipiing procedure ia being prepared ot
the predgept tine by Dapartuent 533« four #ite use, This procedure

is toe, ve uded as moON a8 it 1y ovailable ot btbhe sites,

Table 1 dllustratea the spread of data vhen personnel of various
cccupations, with and witivout taboratory expericace, conduct the
shuke test, This dota emplisiven that the shake test could he used
to determine the ganeral Tosw formation level of Li=l, 1 mure
specific alacriaination & vecensary, the ferwurding of o wample
for testing by the Muteybale Test Laborutory Mitrogen NDiffosion
Teet would follow,
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Jigure 1 illustrates the Yroaid correlation that eviata bLetwean
the Nitrogen Hiftozion test and the two shalve test procedures,

A defiuite trond ig present., This detn givea ar extensive croas
rection of tha shake Lest procedures,

Table 11 illuyatrates 1) the close comparison between the unguided
nnd guided mirghe tost results for o given fuel, b) the ebseprce of
v ouperater characteristic trend for separate fuels and ¢) the
general compsrison betneen the nhnke tests and the MTL Nitrogen
Diffusion Tent.

Tuble 117 illustrutes the high probability levels (theee which
exceed 20%) snd standard deviations for the fuels tested. The
data from w1l five (5) operators vas taken together to absord
uny inherent differences in technigyue.

Figura 2 il)ustrutes <) the general, but somewhat erratic, increase
in the probubility limfts which accompany an increuse in Bridge
Retenticn time for the unguided shoke test and b) the syatematic
incre.ase in probuability limits with an incresee in Bridge Retention
time (with one exception) for the guided shike test. Because the
guided shuke test results asere not wonttered, as were unguided
tliake test procedure resnlts, o further study of the guided shake
test procedure was made non rhowrn tn Figure 3. Thie dato tllustrotec
the broud probwmbility limiits of the guided shake test procedure,
whon caleuluted as 0.999 probability with 60% confidence.

REI'THUNCHS :

Le MLaB6l-1=0)e242, “Shake Test Procedure for Measuremnvnt of
RP«1 Furel Four Formation,'' Memo to R. 7. Kreisler, R Sept,
61,

Ao MleZG0=1=0d213, "Guided Shake Teat Procvedure for Meaaurce
meat of RPe-l Fuel Foam Formation', Memo to R, Kreidsler,
< F"L‘o O,

S¢ MLe500-1=63=50, "Materiuls Tesl Laboratoery Nitrogei
Diffusion Test Procedure for Measurement cf [P=1l FPoam
Formation,'" 27 Feb, 04,

NOTE: The dnta froe which this report was propare ! is rezorded in
ratropautice Mngincering Laborutory Noteboor 7856, pp 85e
70 and Notetook 77.6, pp 31-53, 36-359, 71-7/3, kG-B8Y and
Yd=OH,
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TAHLE ] « Sumary of Test Results
From ON-Site and OFP-Site Personnel

SERIES A « ON<Site Personnel

Fuel Sample
1 L 2 | 3 L Lo s | 8
~ (cr2581) [(cP3005) | (cP3006) [(cr3181) |(GPagoly |(cP3R8L). |
Test Conductors Ave, Bridge Retention Time(as per ML-563=1-61-2L2)Sec{
A. Laboratory Personnel 8 75 ;
B " " 8 80 ‘4
Ce | Ly n 66
D, 4 " 27 90
E. ] " 33 1 |
F. x " n 66
G. b " b)) n
H.  Pngineer 11 69 ok
«Average of Above Valuese 8 12 30 68 78 9
|J, Lab Person-el w/ Shake Tes$ 8 10 38 69 1% 93
Experience
SIRIES B = OFF-Site Personnel
Fuel Sample
1 2 2 L H
| (CPLLS9) | _(0=2b) | (0=7d) | (Qeb) | (Qedliw) | __ _ _
Test Conductors Ave, mgp__nemsruui_gm_m_m.-. 56 1-;-%'-21;2)3”
A, WAFB Site Personnel 8 1 4
B, " " " 8
Co  ° " 8
D. " " [ ] 8
E. " ] ) 9 ﬂ
Fo yAFB Site Persomel 3 78
Gg » L 29 72 76 oly
He m " 3 7h 79 93
Jo OD/A MTL Lab Persomel 10 — 63 | 1k 8
ARED BY CHICRED BY (o7 24 4 REVISED BY DATE

Y Dusns sz
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TABLE II « Unguided and Quided Shake Test Results as I
Compared with MTL Nitrogen Diffusion Test Results '
FUEL A B C D
o ‘Bridge Retention Time @ 75+ 1+ F.(Seconds)
TEST  |unguided| Guided |Unguided| Guided |Unguided| Ouided |Unguided| Guided
Operator #1 L L 16 1 L9 39 64 56
#2 L N 12 12 32 Ls 56 57
#3 2 N 13 15 Lo L6 52 L9
#l 3 3 V)1 18 L3 35 58 55
#5 é N 17 15 L7 39 62 Lo -
Avera b 4 Il 15 L2 " 98 51
ffusi 1 =
Tegt il 541°F, BLS+1°F, B7541°F, MiSe1F, BTSeLF, BUS+1°F, P75e1°F, BLSAL°F, |
perater gz’ 2 I 2 | ¢ | a5 | ol a | o |
L FUEL E_ F , Q
SHAKE m«.nmmn_mq ' >
Lnind Quided Gudded Guided
Operater #2
Test #1 106 65 8
f2 108 67 10
#3 98 () 8
Average 104 6 9
Nitrogen Brid o r
R atan ge Retention Ti-e(Seconds) :
| Test. S$1°F, MUOSL°F, PIS+1eF, |@iS#1°F,|075¢1°F,|@iS+) ¥ i |
Dperater #2 |  SY oh | 1k 62_ N 16 | .
| mguo 3] P -?//[76"3_ CHECRED BY i DA RIVISED BY SATE

FORM NO. A706-1
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r
TABLE III - Unguided and Guided
Shake Test Procedure Probability Levelsw
FURL
A AiB|C| DI E|FIO
Average Value for Average Value for
Bridge Retention Bridge Retention
U |Mme @ 75¢+1° F, | L Time @ 75¢ 1* F, | L{15[L1|52hol46s | 9
N (Seconds) G (Seconds)
a U
U I
I |Number of D |Number of
p [Operators S g |Operators 5{5{5]5/11]1
E D
D
Number of Number of
Test Values 20 p [Test Values 2013613613616 |2L N6
T E
E S
s |Standard 1.3 ? [Standard p.g M2 6.5 h.o
Deviation '|Deviation 2.8 B b5
T :
(Seconds) (Seconds)
|
| «999 Probability 5,6 0,999 Probability P, |29 29 Fh‘s
th 90% With 90% 1| L) Lo
Confidence Confidence
_(Seconds) (Seconda)
Bridge Retention Time O LS+ 1° F, (Seconds)
MTL
itrogen
E\f!‘uﬂion 2534 W7 2ps P’J rﬂ ol 62
est

#Technique of Statistical Analysis, Chapter 2, Eisenhart, Hagtay & Wallis
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